Volunteered Geographic Information (VGI) has become a rich and well established source of geospatial data. From the popular OpenStreetMap (OSM) to many citizen science projects and social network platforms, the amount of geographically referenced information that is constantly being generated by citizens is burgeoning. The main issue that continues to hamper the full exploitation of VGI lies in its quality, which is by its nature typically undocumented and can range from very high quality to very poor. A crucial step towards improving VGI quality, which impacts on VGI usability, is the development and adoption of protocols, guidelines and best practices to assist users when collecting VGI. This chapter proposes a generic and flexible protocol for VGI data collection, which can be applied to new as well as to existing projects regardless of the specific type of geospatial information collected. The protocol is meant to balance the contrasting needs of providing VGI contributors with precise and detailed instructions while maintaining and growing the enthusiasm and motivation of contributors. Two real-world applications of the protocol are presented, which guide the collection of VGI in respectively the generation and updating of thematic information in a topographic building database; and the uploading of geotagged photographs for the improvement of land use and land cover maps. Technology is highlighted as a key factor in determining the success of the protocol implementation.
Introduction and Background
Volunteered Geographic Information (VGI) represents an important new source of citizen-contributed data (Goodchild, 2007) , as outlined in detail in Chapter 2 . VGI can be a complementary source of information to authoritative data such as detailed road networks and building footprints, and may be the only source of map data usable after a natural disaster or crisis event has occurred, for example in the case of mapping efforts by the Humanitarian OpenStreetMap Team (HOT) 1 . Yet the main barrier to the widespread use of VGI remains the assessment and documentation of data quality (Johnson and Sieber, 2013; Olteanu-Raimond et al., 2017a) . This is particularly true when quality compliance is an essential requirement for VGI exploitation, such as for its exploitation by governments, National Mapping Agencies (NMAs), public bodies (fire fighters, civil protection etc.) and private companies, which make use of geospatial data to take decisions. From this perspective, an analysis of VGI exploitation by NMAs is made in Chapter 13 (Olteanu-Raimond et al., 2017b) , while some guidance on VGI data quality assessment is provided in Chapter 7 . The latter chapter describes measures and indicators that are generally applied to VGI after the data have been collected. Instead, more attention should be placed on how to ensure high-quality data collection during the data capture phase. One approach for doing this is to develop and adopt generic and flexible guidelines, best practices and protocols for VGI collection. While guidelines and best practices refer to a set of rules, instructions, suggestions, recommendations or situations that indicate how VGI should be collected, perhaps by reference to examples or ideal cases, protocols can be defined as strict sequences of instructions regulating VGI collection. Specific attention should be paid to the structure and complexity of such guidelines, best practices and protocols; in particular, they should not discourage citizens from contributing, while simultaneously ensuring that the collected data are of an acceptable quality for the purpose of the specific VGI project. Not secondarily, they should ease or facilitate the reuse of VGI for projects and applications other than the one(s) it was originally collected for.
The relevance of establishing protocols in VGI projects and the potential problems for communities and society that arise when these protocols are absent have been highlighted by many authors, including Sui (2007) , Johnson and Sieber (2013) and See et al. (2016) . In Europe, only a few NMAs have experience with using or integrating VGI in their authoritative datasets (Olteanu-Raimond et al., 2017a) , while protocols for VGI within NMAs, governments or Commercial Mapping Companies (CMCs) are lacking (Johnson and Sieber, 2013) . Conversely, as mentioned above, many authors have developed methodologies to study the quality of VGI (after it has been collected) and have undertaken VGI comparison, integration or conflation with data from NMAs and CMCs to build more up-to-date, accurate and complete datasets (Girres and Touya, 2010; Haklay, 2010; Ludwig et al., 2011; Al-Bakri and Fairbairn, 2012; Du et al., 2012; Pourabdollah et al., 2013; Touya et al., 2013; Gao et al., 2014; Jokar Arsanjani et al., 2015b; Brovelli et al., 2016a; Fan et al., 2016) .
To instruct users in the production of data that are fit-for-purpose, some VGI projects provide detailed guidelines instead of defining a real protocol. OpenStreetMap (OSM) 2 is the most popular VGI project and one of the most studied in the literature (Jokar Arsanjani et al., 2015c) ; it is extensively described in Chapter 3 (Mooney and Minghini, 2017) . Over its more than ten years of life, there has been a progressive development of guidelines about the types of geographic features that users can create and the attributes (or tags) that can be attached to them. The updated version of these guidelines is maintained in a page 3 on the OpenStreetMap Wiki, while their development and enrichment over time is discussed in Chapter 8 . It is worth mentioning that, although a real, strict protocol for creating OSM data does not exist and indeed there is considerable freedom left to the contributors, several studies have documented the high quality of OSM crowdsourced datasets (see e.g. Neis et al., 2011; Fan et al., 2014; Dorn et al., 2015; Jokar Arsanjani et al., 2015a) . Another example of VGI project that provides guidelines is the National Map Corps 4 , a mapping crowdsourcing programme similar to OSM that supports the Geospatial Information Office of the U.S. Geological Survey (USGS) in gathering rapidly-changing landscape feature data for The National Map (Bearden, 2007) .
In other cases, protocols have been designed to assist volunteers in contributing high-quality data that could fit the VGI project's needs and purposes. A well known example is that of Geo-Wiki (Fritz et al., 2012) , which is an online crowdsourcing platform where volunteers -provided with a strict and detailed protocol -are asked to use very fine spatial resolution imagery to gather information on land cover and land use to improve global land cover maps. Similarly, an extensive and detailed protocol for digitising old French maps was created and enriched through user collaboration on a dedicated platform 5 , which allowed for consistent data records to be maintained (Perret et al., 2015) . In the same way, the GéoPeuple project used protocols to create topographic vector datasets from old French maps for analysing population growth (Ruas et al., 2014) . The Degree Confluence Project 6 is an example of a project applying a protocol to collect photographs of the landscape from all the intersection points (or confluences) of one degree latitude-longitude around the globe. Volunteers are asked to take either photographs in the four cardinal compass directions (north, south, east, west) or one or more panoramic views from the intersection, one general photograph taken within 100 metres of the confluence, and one photograph of the GPS used. Users then upload all the photographs, along with a text describing the landscape as well as their journey to the confluence point (Fritz et al., 2009) . In principle, these photographs may then be reused in another VGI project to yield reference data for map validation (Foody and Boyd, 2012) .
The addition of such protocols in VGI projects usually comes with tradeoffs; in other words, as the complexity or length of the protocol increases, the participation or retention rate may become lower (see Chapter 5 on motivation and participation for examples). A contrary example to the Degree Confluence Project in the same domain of VGI photograph-based initiatives is represented by Flickr and Panoramio. These are VGI photograph sharing sites that do not provide any protocols regarding how the photographs should be taken or what information should be added. Users can add a title, a comment/description, one or more tags and the location, but these are optional. The lack of protocols is reflected in the very high participation rates (Michel, 2015; Panorank, 2016) , but also in the variable quality of the contributions when considering them for applications such as land cover and land use mapping (see e.g. Leung and Newsam, 2012; Estima and Painho, 2014; Antoniou et al., 2016) .
To show an example of the variability of the photographs in terms of tags, a random sample of around 130,000 geotagged photographs that were uploaded to Flickr and Panoramio for the London region in May 2015 was analysed. The frequency of the number of tags associated with the photographs was computed and plotted in Figure 1 as a function of increasing numbers of tags. Clearly the vast majority of photographs (almost 1/3 of the total) have no tags associated to them. In addition, the number of photographs with one to seven tags are within the limits of random variation (although some trends can be spotted; for instance if a user decides to include tags, they usually prefer to append from two to six tags instead of just one). Conversely, the frequency of photographs with eight or more tags shows an almost progressive decrease. This can be seen as a proxy for the following relationship: the more freedom users have in terms of contributions, the more heterogeneous the contributions will be, accompanied with a likely decrease in average quality in terms of their use in further applications. Hence the role of guidelines and protocols could substantially increase the exploitation of VGI for applications not even considered by the person collecting the data.
The definition of protocols is more common in other established citizen science activities where many examples can be found. Accurate data collection by citizens depends on the provision of three elements: clear data collection protocols, simple and logical data forms, and support for participants on protocol use and information submission (Bonney et al., 2009 ). Pocock et al. (2014) argue that volunteers are more likely to provide information following a given standard if the value of their contribution is recognised. However, if the project requires a complex standard for gathering data, strategies for supporting participants must be deployed and protocols need to be thoroughly tested (Tweddle et al., 2012) . Acknowledgement of participants, even simply demonstrating the usefulness of the data, plays a central role in encouraging participation (Pilz et al., 2006) .
As discussed in more detail in Chapter 2 , VGI can be collected either actively or passively. While in active projects users collect data in a conscious way, passive data collection happens when contributions are gathered without any active engagement (Haklay, 2013) . Similarly, Harvey (2013) has made a distinction between truly volunteered versus contributed geographic information (CGI). While the former refers to data that are collected with permission (such as an edit in the OSM database), the latter refers to data collected as part of an automated, open-ended or uncontrollable process (such as the tracking of mobile phones). Information contributed to a passive VGI project typically demands much more processing to result in meaningful information. It is possible to impose a set of protocols in active VGI, but this is usually not possible when using passive VGI or CGI, where the data volumes are often larger than in active sources and hence the data need to be filtered if they are to be used. For example, Bordogna et al. (2015) demonstrated how input data can be filtered based on minimum quality criteria specified by the user, for example to remove geotagged photographs downloaded from repositories such as Flickr and Panoramio. Hence this chapter limits its focus to active VGI projects, where the role played by protocols can be crucial for the quality of the data collected. The chapter seeks to emphasise the need for data collection protocols in VGI projects, and explores how technology can be seamlessly exploited to facilitate collection of suitable data. The chapter takes its origin in a previous work by , who defined a general and flexible protocol for collecting VGI vector data.
In Section 2 this protocol is briefly presented with the idea of generalising it to all types of VGI projects and VGI data collected. In Section 3 attention is placed on which protocols are required to meet minimum data quality requirements and how technology can play a role in helping to enforce protocols in a user-friendly way. Section 4 presents examples of how the protocol can be applied to two real-world applications, one related to the collection of VGI vector data and the other to geotagged photographs, and reflects upon the relationship between protocols and volunteer motivation. Section 5 concludes the chapter and explores open questions as well as the needs and directions for future research.
A Reference Protocol for VGI Collection
A generic protocol has been proposed and developed by , which can be applied by new VGI projects focused on vector data collection. It can also be used retrospectively on existing data in current VGI projects. This protocol aims to be inclusive of all participants to VGI projects, from new to experienced VGI contributors. By guiding contributors in the process of VGI data collection, the protocol seeks to improve the quality of data in order to both fit the purpose of the specific VGI project for which they are collected and to facilitate their reuse within other, future and potentially unintended, applications. The protocol assumes only a basic working knowledge of geographic information science with basic file and data handling skills from information technology. The protocol has been developed in a bidirectional fashion, i.e. the authors have carefully considered mapping practices in bottom-up approaches (VGI, for example) and top-down approaches (like those used by some NMAs). In this way the protocol is positioned at the intersection between these two opposing approaches for the generation and collection of geographic vector information.
The protocol should be reasonably general and potentially usable by any VGI project based on the collection of vector data through digitisation, field survey or bulk import. The authors have been careful not to relate to any specific VGI initiative, like, for example, OSM, so as to ensure the protocol has potential for further/future customisation or improvement for other specific VGI projects. On the other hand, it gives concrete technical recommendations to easily guide users into a replicable step-by-step data collection process using the tools and processes that they currently possess and use. The protocol is formalised into five main stages as follows:
• Initialisation • Data Collection • Self-Assessment/Quality Control • Data Submission • Feedback to the Community.
Initialisation -This involves the users of the protocol becoming familiar with the VGI project and its specific goals and objectives. Familiarisation with the proper devices or technologies for the tasks to be accomplished is required. Users are encouraged to conduct tests of the data collection process to familiarise themselves with the process in general. Data Collection -Users must carefully plan the data collection process. Data collection in this protocol can be considered as one of the following: digitisation, field survey, or bulk import of existing vector data. Obstacles, problems and technical issues with the specific type of data collection method must be carefully considered before proceeding. At all times data collection must be performed according to the VGI project specifications. Self-Assessment/Quality Control -This step involves users making their own checks and assessments of their data collection process and the data that have been collected. The users should clearly state if problems were encountered (for instance if there was a GPS signal loss during field collection, licence issues in bulk import, or poor resolution imagery used in digitisation). Data Submission -In this step users submit, potentially using specific application software, all the data to the project website or application. Submission must be successful and a post-submission check should outline any issues that were encountered during this process. Feedback to the Community -The protocol encourages users to use all available channels to provide feedback on their experiences. According to Perret et al. (2015) , controlling, tracking and reporting all aspects of the process is recommended in VGI. Feedback includes any problems that were encountered, issues that the user resolved, tips or guidance for other users in the project etc.
Despite these five main stages of data collection being intended to be sequential, it is sometimes not easy to establish a well defined limit between them. For example, during data collection the VGI contributors may need to get back to the initialisation stage to get more insight on the project specifications; similarly, contributors may realise that quality control is required again after data submission. Currently, the protocol described is available to participants in VGI projects in the form of a printed or soft copy manual or document. The future goal of this work is to communicate the concepts of the proposed protocol in order to also influence and guide future software implementations for VGI vector data collection. As will be shown through examples in Section 4, in order for the protocol to be effectively adopted by VGI projects, the role of technologyand hence of VGI software developers -is fundamental. If this protocol can be directly implemented in software within VGI projects, the protocol can be communicated to more users and lead to overall improvements in VGI vector data collection.
The Role of Protocols for VGI Quality
While for authoritative data the evaluation of data quality is a well established subject, in VGI it remains rather elusive and vague. What is fundamentally different between authoritative data and VGI is the data collection process. For NMAs and CMCs, rigorous protocols and well defined procedures are in place that must be followed by surveyors. The management of surveyors, the updating of the protocols and the specifications, and the migration from a data scheme to another are fully controlled. A totally different landscape exists for VGI projects, in which the enthusiasm of an enormous but disparate set of volunteers is the driving force. In the case of NMAs and CMCs the logic is simple: production protocols and specifications need to be followed, since the final product will be examined for its quality using various measures (such as the ISO/TC211 quality framework). Similarly, in VGI volunteers should have to fully understand that following or ignoring guidelines, best practices and protocols will have a direct impact on the final spatial product and consequently on its usability. VGI projects can learn a lot from the advances in citizen science. In many cases, the quality of data in citizen science is attained through carefully designed and standardised protocols for participation (Kasperowski and Kullenberg, 2015) . Standardisation ensures the validity and accuracy of contributions and classifications performed by citizens (Cohn, 2008: 194) . In this context, the following subsections examine, in detail, each of the five data collection stages described above against protocol and best practice instructions.
Initialisation
One aspect that may influence the quality of the collected information is the type of instructions provided to the volunteers in the initialisation stage. While the initial impulse of most trained surveyors is to employ the standard data quality methods from their field, when designing citizen science projects a different approach for ensuring data quality may be necessary, taking into consideration the degree of participation and the expectations around contributors' skills (Wiggins et al., 2011) . If the VGI collection is made for a particular purpose, then the instructions should be detailed enough so that volunteers understand exactly what they are expected to provide. However, instructions with too much detail should be avoided, or at least it should not be mandatory for the volunteer to go through all the detail, because this may be demotivating. The appropriate level of detail of the instructions is, in some circumstances, not easy to establish. Therefore, for some types of VGI projects, studies that identify how volunteers react to several types of instructions should be undertaken, as this reaction may have an important impact on the quality of the generated data (Kerle and Hoffman, 2013) . Two practical examples of the importance of instructions for the quality of generated data are the following: if the volunteers need to collect georeferenced photographs, then it should be indicated what must be georeferenced: for example, is it the place where the photograph was taken from or the phenomena shown on the photograph?; and when providing a classification of land cover or disaster damage, how much detailed explanation is required, e.g. the thematic resolution of land cover classes or the choice of one among several damage classes, should be determined.
Data Collection
Familiarising contributors with the project's aims and goals may enhance their awareness, which, in turn, can help to improve the overall quality of the contributions. Nevertheless, crowdsourced participation inherently suffers from biases, inconsistencies and errors; thus the focus is on how to exclude these inherent characteristics from the data collection stage. Participation biases can result from various causes. The digital divide, socio-economic factors, demographic distribution and individual perceptions can all have an influence on volunteer contributions (Haklay, 2010; Brovelli et al., 2016b) . Here protocols should act preemptively and hinder the appearance of biases. For example, it should be taken for granted that individuals have their own understanding and conceptualisation of the world that might not coincide with a VGI project's mission or specifications. Protocols should clearly state the point of view that volunteers should hold and which processes they should follow to collect the data. In an effort to relieve volunteers from extremely detailed protocols, projects might provide a minimalistic approach on the procedures to follow (Batini et al., 2009 ). However, this hides two dangers: first, setting the bar lower will probably result in data that are of lower quality. Secondly, more active and experienced volunteers might be discouraged by the approach taken. Thus, the challenge is to provide protocols and best practices that will balance data quality with participation.
Self-Assessment/Quality Control
Data collection might be influenced by factors that make the process errorprone, leading to errors and inconsistencies in the data. For example, weather, landscape, collaboration with other individuals or the instruments used are just a few factors that might affect in-situ measurements. Here the stage of self-assessment and quality control has much to offer. Thus, before uploading data, each volunteer should self-assess the quality of their data and perform all possible quality controls. Protocols should provide enough guidance and explain common pitfalls that can lead to inconsistencies and errors and how to avoid them.
Data Submission
The next stage for which protocols should provide detailed guidance is data submission. Inevitably, individual contributions are generally small, sparse and fragmented, and yet valuable for the evolution of a crowdsourced project. Active and meticulous data collection followed by indifferent data submission (e.g. just pressing the 'upload' button) might not be sufficient. Protocols should stress that data submitted should, when possible, be validated against existing observations or measurements so that no vague or inconsistent cases appear. Even more important is that an individual's work does not harm or destroy other volunteer contributions. This does not mean that updates or alterations should be avoided, but rather that it is important to have a balance between contributor efforts, a way to evaluate the need for change, and a versioning system capable of roll-back to the previous state of the project if needed. Furthermore, submission should not be confined only to data: protocols should require the addition of metadata and supporting/documentation material when possible. For example, filling a form or submitting a geotagged image might be valuable for quality control by other volunteers or moderators. Similarly, any pitfall, problem or simple concern encountered during the data submission stage should be appropriately added to the contributed data.
Feedback to the Community
Finally, the feedback to the community may include the participation in discussion forums, which may help other volunteers to create higher quality data. Perret et al. (2015) highlighted the fact that VGI projects should continuously evolve through the feedback each contributor gets from and gives to others, for instance in terms of how a certain problem encountered while collecting data was solved or any other recommendations or guidance. Communication channels with the VGI project managers and administrators should be provided as well so that the project itself can evolve based on the user feedback. Thus, a continuous circle is formed that improves the protocol and enhances the overall VGI project quality. This way, common mistakes will hopefully start to disappear and overall data quality will be improved.
Applying the Protocol to Real-World Examples
In this section we present two hypothetical, extended examples of real-world applications of the VGI vector data protocol described above. In the first example, the protocol is applied to the updating and collection of new thematic information in a topographic building database. In the second example the protocol is applied to a different domain, that is the collection of photographs for land use / land cover (LULC) mapping.
Updating and Collecting New Thematic Information in a Topographic Building Database
In this example, an NMA is interested in exploiting crowdsourced vector data to improve their topographic building database. This improvement includes enriching and updating existing building objects (their geometry and thematic information) and capturing new building objects and associated thematic information. Buildings are typically very well mapped by NMAs, but the rapid pace of urban change can mean that keeping their database up-to-date is challenging in terms of resources. Additionally, the thematic information within these databases is often very poor. Typical information which is often missing includes: the function of the building, the number of floors in the building, cultural heritage information related to the building, the entrance(s), etc. As an additional challenge and motivation for VGI contributors, the NMA seeks to create a new layer from scratch to represent the entrances to buildings. This will be a multi-point layer, since a building might have more than one entrance. In this example, the NMA decides to develop a Web-based application to allow citizens to collect data. The implementation and presence of a protocol for this application will greatly assist in reducing the potential submission of lowquality data. Specifically, the Web-based application will use digitisation and field surveys as the means of collecting vector data. The application will present contributors with three layers: a base layer consisting of up-to-date orthoimagery of the region represented in the database; an overlay layer of the existing topographic building object database; and a layer for the entrances to buildings. Contributors will be encouraged to create and/or update the geometry and/or thematic information of building objects to reflect recent changes to building function, structure, etc. Additionally, contributors will be able to add vector point data to building objects to indicate the position of building entrances along with their door numbers. The implementation of the vector data protocol for this application will ensure that helpful advice and guidance is provided to all contributors in an attempt to maintain and ensure good quality. Guidance is provided for a number of categories:
• Scale: Select the appropriate cartographic scale for building level of detail, and preserve it over the collection and contribution process; • Shape: Preserve building shape as much as possible (for instance keep the building corners squared whenever convenient) and digitise minimum details appropriate to the scale; • Logical Consistency: Ensure that new buildings contributed or existing ones that are changed are always closed polygons and do not overlap; • Geometric Consistency: Ensure that multiple entry points to buildings are represented as a multi-point object rather than creating a new point object for each individual entrance in the same building, and that door numbers for each entry point are different; • Thematic Quality Control: Propose a list of thematic attributes and values to the user; • Metadata: Allow free text comments on the visual quality (such as cloud cover, tree cover, shadows or resolution) of the imagery.
The five steps of the protocol workflow outlined in Section 2 are applied to this example as follows:
Initialisation -Citizens will need to register themselves on the Webbased application to use it and contribute vector data and information. Before collecting data, every contributor will need to complete all of the steps in a tutorial demonstration to understand which tasks are required and to familiarise themselves with the processes and tasks in general and with what the goals and objectives of the project are. Depending on the resources available, the NMA may develop a protected 'sandbox' version of the application, where contributors can test out the functionality of the application on a small subset of the topographic buildings database without actually making changes to the real database. This form of training will aid learning and help volunteers contribute effectively while still preserving their motivation. Data Collection -Contributors will be encouraged to carefully plan their collection of new or updated data/information for the application. The application will specifically allow the digitisation of building objects on top of the orthoimagery, the addition of vector point data on building entrances, and the provision of new or updated thematic information associated with building objects. The software application will give prompts and tips to the contributors as they are working.
Self-Assessment/Quality Control -The application will provide functionality to allow contributors to make an initial assessment of the quality of the new data or changes to existing data that they are submitting. For example, if a contributor creates a new building footprint and does not supply any thematic information, the application would indicate this to the contributor. The contributor would then be presented with a generic list of thematic information from which they can choose the appropriate annotations. This would help emphasise the importance of thematic information in the application in the situation where many users may attach greater importance to geometrical data. Data Submission -In this step, contributors submit their contributed vector data and/or thematic information to the application. The application will provide a space where contributors can provide metadata or descriptive information about their contribution. This could be used by the NMA to assess the overall quality of the contribution, as this information would describe the processes that the contributors used to make their contributions. Feedback to the Community -The NMA will create a number of information channels to encourage contributors to provide feedback and discussions on their experiences of using the application and contributing vector data using the application. This feedback can include discussions on problems encountered with specific building types or structures, with certain thematic areas, etc. Through these channels, the NMA can provide assistance and feedback to the contributors in the community by offering suggestions on how problems may be fixed or resolved within the application. This creates a complete feedback loop within the vector protocol, which will allow for the protocol to be continuously improved.
Using Geotagged Photographs for LULC Mapping
In this example, an NMA is interested in exploiting geotagged photographs to improve their LULC maps, and in particular to provide much more data for training their classification algorithms and also to validate the map, if possible. The NMA has already experimented the use of photographs from existing photo-sharing sites such as Flickr and Panoramio, but it was observed that there was too much inconsistency in the tags and in the content of the photographs and thus that not all photographs were usable for the purpose of LULC mapping. Also, there was a strong spatial bias in the distribution of the photographs and not all required LULC types were captured. Instead, the NMA decides to develop its own national-level photographsharing site specifically for the purpose of collecting photographs for LULC mapping, which will have a stricter protocol and ensure higher usable content and tags. At the same time, the data collection protocol should not hamper creativity or the spontaneous enthusiasm that drives contributors while aiming for the huge volumes of data that are a characteristic of popular social media sites. The NMA decides to develop a customised mobile-based photographsharing application, which can use technology to help ensure that specific parts of the data collection protocol are adhered to. The application should have the following features:
• Contributors will be taken through a step-by-step procedure for each location photographed; • This procedure will require the contributor to take either a set of photographs in the four cardinal directions or a single 360-degree photograph. If the participant chooses the option of taking photographs in four different directions, then the compass in the mobile device will only allow the user to take a photograph when facing the correct cardinal direction; • The application will prevent participants from using the zoom function, ensuring that the photographs show content closest to their geographic position; • A 'guide line' will be added to the application so that the contributors can line up the horizon with the 'guide line' , so that photographs containing one-third sky and two-thirds landscape are taken; • The photograph should be dominated by landscape but without restricting the addition of other elements (such as people and animals); moderators or automated methods can be used to assign weights to these photographs for the purpose of LULC creation/validation; • Once the photographs are taken, the participant will be presented with the possibility to assign tags from a pre-specified list (drawn from the LULC nomenclature used by the NMA) to the photographs, which will be mandatory, along with the possibility to add free form tags, which will be optional; • The final step in the procedure will be to ask contributors to estimate the distance at which the LULC changes, to indicate how homogeneous or heterogeneous the landscape is; • There will be at least two modes of operation in the protocol. In the first mode, participants can take photographs at any location, so the geotagged photographs will be useful for creating LULC training datasets; in the second mode, participants will be sent to specific locations, or 'quests' in the form of photograph-caching, which can be used to satisfy the sampling needs of the NMA for LULC map validation and reduce the spatial bias that is common in geotagged photographs from social media photograph-sharing sites.
As much as possible, elements of the protocol will be hidden or incorporated seamlessly into the workflow of the application through technology. In other cases, the protocol will be implemented via elements of gamification, which will be added to maintain, if not grow, the pool of participants and to create a certain level of competition among them, particularly for the photo-caching mode of the application.
Following the vector protocol outlined in Section 2, the five steps are applied as follows:
Initialisation -This first stage will be achieved by providing contributors with a guided tour of the project, including information on how each step contributes to the overall objectives of the project. In addition, step-bystep instructions will be provided to contributors when they first use the application. The guided tour will be mandatory yet short and easy to follow. Once the user has 'passed' through this stage and become familiar with the function of the application, they will be able to take further photographs. Data Collection -This will be implemented via field survey, which will be facilitated by the mobile application. As outlined above, there will be two main modes of data collection where participants can: (i) photograph landscapes in any location or (ii) be directed to specific locations. Optionally, a third mode will be possible in which participants can turn off the protocol and photograph freely. The purpose of these three modes will be clearly explained to the participants. The mode employed will also allow the NMA to categorise the photographs for a specific use: the first mode may be more suitable for LULC map creation; the second for LULC map validation; while the third can be either omitted or used for training after careful checking. Self-Assessment/Quality Control -In this step the mobile application will record the positional accuracy and other related parameters (such as dilution of precision (DOP) and type of GPS receiver) as an additional source of information to accompany the photographs. Through the application, the contributor will also estimate the heterogeneity of the LULC, which will provide the NMA with an indication of whether the photograph is in a homogeneous or mixed land cover class. There will be a mechanism implemented that will allow contributors to review the photographs in order to make sure that they comply with the protocol and are of sufficient quality. Contributors will be given the option to retake photographs that are of poorer quality. For instance, in this stage the app will display the position of the photographs taken on top of orthoimagery in order to easily spot positions recorded with low accuracy. Data Submission -The application will not require data connection in the field but will automatically synchronise the photographs when connected to wifi, so that poor mobile signals will not be an issue. Once photographs are submitted, the online application will allow contributors to view, share and manage their photographs, for instance to correct the tagging of their photographs and thereby improve the labels needed for LULC classification. Feedback to the Community -The final step will consist in sending out regular information/rich newsletters to contributors, giving them information about levels of improvement in LULC mapping, highlighting those areas that have been better mapped and featuring the contributions of active contributors. It will also highlight what areas are missing and guide participants to go out and photograph these areas. At this stage, the online application will also allow contributors to rate the contributions of other participants and start conversations and discussions in order to exchange and share suggestions that would lead to an overall improvement in the project's data quality.
Although some research on using geotagged photographs for LULC training and validation has been undertaken in the past (see e.g. Antoniou et al., 2016) , this example is still largely hypothetical. However, a similar protocol for collecting geotagged photographs for LULC-related purposes is currently being tested by the FotoQuest Europe student campaign 7 . This initiative asks volunteers to survey specific locations with the purpose of validating the official EU LULC datasets derived from the Land Use and Coverage Area frame Survey (LUCAS) performed by EUROSTAT 8 . For more information on what geotagged photographs can offer, see Chapter 4 (Touya et al., 2017 ) on using geotagged photographs for examining OSM quality and for verifying the applicability and suitability of various cartographic processes.
Discussion and Conclusions
VGI has become a mainstream presence in the GIScience domain. By its own nature, the driving force behind VGI lies in the crowd. The progressive mitigation of the digital divide -not just the traditional one that considers Internet access, but also the second-level digital divide that looks at the real capacity of people to make use of available technology (Hargittai, 2002 ) -will likely result in an ever increasing amount of contributions uploaded to VGI initiatives. Statistics 9 and predictive models (Jokar Arsanjani et al., 2015a) for the OSM project confirm an increasing growth in both the number of new contributors and submitted data, while Mooney and Winstanley (2015) have argued that VGI contributions can be considered a form of big data. In turn, the increase in VGI may also increase the heterogeneity of contributions and hence solving quality issues for assessing VGI usability may become harder in the future.
In citizen science projects, especially those in the field of conservation and ecology, protocols and guidelines for data collection are generally well developed and clearly accepted by the contributors. In contrast, by its very same nature, the world of VGI has developed in a much freer, diverse and often uncontrolled fashion. Even OSM, which since its birth has dominated the VGI scene, features a culture of freedom in terms of what is mapped and which tags are provided. Hence, this chapter has investigated the need and opportunity to integrate protocols in order to rule and guide the data collection process in active VGI projects, with the purpose of increasing the quality of volunteer contributions. A general and flexible protocol was introduced and described, which can be exploited to standardise data collection processes in VGI initiatives. The protocol is suitable for implementation in new as well as existing VGI projects and can serve as a reference tool, not just for the project volunteers, but also for the project managers and developers who need to put in place the best possible system to facilitate collection of high-quality data. The implementation of the proposed protocol was illustrated through two different hypothetical examples.
The first example sees an NMA developing an application for crowdsourced data collection aimed at enriching and improving its topographic buildings theme. Data collection includes improving and updating existing building objects (geometry and thematic information) and capturing new features related to buildings and associated thematic information such as entrances. The implementation of the vector data protocol for this application will ensure that helpful advice and guidance is provided to all users in an attempt to maintain and ensure good quality as citizens are contributing changes and new content. The protocol provides guidance on building scale, building shape, logical consistency of building polygon, geometric consistency of entry points to buildings, thematic quality and the provision of metadata. Crucially, the use of a protocol here will allow the NMA to outline guidance on these issues so that high-quality data can be captured. The workflow of the protocol (initialisation, data collection, self-assessment/quality control, data submission and feedback to the community) provides more structure to the contribution process for all users regardless of their background skills or technical abilities.
The second example, an example of implementing the protocol for the collection of geotagged photographs for LULC mapping, involved the hypothetical development of a customised photograph-sharing application by an NMA. However, it could also be beneficial for existing photograph-sharing sites like Flickr and Panoramio to adopt elements of the proposed data collection protocol, recording and providing access to a minimum set of metadata. First, locational information is a common feature of modern mobile phones and some digital cameras, so storing and providing the location as standard information does not present any additional burden to these providers. Moreover, the positional accuracy of handheld devices continues to increase, and there are early efforts to also expand this increased accuracy to indoor positioning (Mautz, 2009; Kuo et al., 2014) , so the locational quality of information will continue to become better in the future. Similarly, it could be beneficial to record other elements, such as camera orientation, tilt, etc. These metadata are not only useful for geomatics applications but are also of interest to other domains. A prime example is that of user-contributed tags. From touristic applications (Majid et al., 2013) to early response systems (Masó et al., 2011) , tags are considered a semantically rich source of information that need to be further enhanced. Also, the photograph-sharing repositories themselves can gain valuable insights from more complete and rich contributions, since these can be analysed to improve the repositories' own services and attract more participants.
The recognition of the need for protocols to guide future VGI projects is clearly lacking. Hence this chapter has attempted to provide a generic set of guidelines that can help VGI projects consider what elements are necessary to ensure that a minimum data standard is reached while still motivating and sustaining participation. Within this broader project protocol, a protocol for data collection is needed, where we would argue that technology should be used to seamlessly integrate components of the protocol as much as possible, thereby reducing the burden of compliance by contributors. This work provides fruitful ground for future research. The proposed protocol was conceived in a sufficiently general way so that it can be potentially applied to any VGI project. Based on the multiple recommendations and suggestions provided in this chapter, we feel that detailed, customised versions of the protocol can now be created and applied easily to specific VGI initiatives, and that future VGI projects would benefit greatly from adhering to the protocol when designing the data collection process. Applying the protocol to existing or future projects would also serve as a way to determine the value of the protocol itself and to suggest possible improvements. Finally, exploiting the protocol to revise the way in which VGI is collected in a project would allow for the comparison of the quality of data produced before and after the protocol's introduction and therefore to help assess its effectiveness.
Notes

